ABSTRACT OBJECTIVES This study assessed the prevalence of coronary microvascular abnormalities in patients presenting with chest pain and nonobstructive coronary artery disease (CAD).
present to health care services for repeat medical assessments and procedures (5, 6) .
Thus, the diagnostic coronary angiogram alone may not suffice in the management of these patients.
Under normal physiological conditions, the coronary microcirculation regulates myocardial perfusion in response to increased demand by endothelial-dependent and -independent mechanisms (7, 8) . This "coronary flow reserve" may be compromised in pathological states. The inability of the vascular smooth muscle to relax adequately at the microcirculation level denotes an endothelialindependent reduction in coronary flow reserve (CFR) (8) . At the same time, an attenuated increase or a decrease in coronary blood flow (CBF) in response to endothelial-dependent vasodilators such as acetylcholine or substance P denotes an impairment in microvascular endothelial-dependent CFR, also known as microvessel "endothelial dysfunction" (9-13). These coronary microvascular abnormalities are functionally meaningful, as they mediate ischemia and cause angina in patients with obstructed and angiographically unobstructed coronary arteries (14, 15) . This "microvascular angina" often resembles classical stable angina caused by physiologically significant narrowing of epicardial vessels.
Previous studies have evaluated the prevalence of coronary microvascular abnormalities in patients referred for physiological testing. However, these studies examined relatively small samples (16) or focused exclusively on female subjects (17) , characterized microvascular endothelial dysfunction indirectly as a reproduction of the patient's symptoms and ischemic electrocardiographic (ECG) changes in response to intracoronary infusions of acetylcholine (18) (as opposed to using direct measurements of changes in CBF), and focused on endothelial dysfunction in the epicardial vessels rather than within the microcirculation (19) where endothelial dysfunction typically resides. The current study examines the prevalence and clinical profile of coronary microvascular abnormalities in a large cohort of patients presenting with chest pain and nonobstructive CAD who underwent an invasive and comprehensive microvascular functional assessment.
METHODS
The study protocol has been described in detail elsewhere (12, 16, 20, 21) . In brief, patients presenting to the catheterization laboratory with nonobstructive CAD (<40% stenosis) underwent invasive coronary microvascular functional testing using an intracoronary Doppler guidewire. Endothelial-dependent microvascular function was examined by evaluating changes in CBF in response to acetylcholine, whereas endothelial-independent microvascular function was examined by evaluating changes in coronary flow velocity reserve in response to intracoronary adenosine. Impaired endothelial-independent microvascular function was defined as a coronary flow velocity reserve ratio in response to adenosine of #2.5 (22) .
Impaired endothelial-dependent microvascular function was defined as a maximal percentage increase in CBF in response to any dose of acetylcholine compared with baseline of #50% (16, 17, 21) . A decrease in coronary artery diameter of $20% in response to acetylcholine compared with baseline was in keeping with epicardial endothelial dysfunction (16, 17, 21 Figure 1 28.8 for the normal microvascular function group; p < 0.001) ( Table 3) .
MEDICAL HISTORY. A history of other vasospasm disorders was more common than a history of other vascular disease (26% to 34% vs. 6% to 11%), but frequencies did not vary significantly between groups for either variable. A history of MI was uncommon (13% to 18%) and did not vary significantly between groups ( Table 3) .
CARDIAC INVESTIGATIONS. A total of 70% of patients in the CBFAchÀ CFRAdnÀ group had previously undergone coronary angiography compared with 59% of patients in the normal microvascular function group. The proportion of patients who underwent noninvasive functional stress testing was 55% to 64%, and rates did not vary significantly between groups. Among those who underwent stress ECG testing, negative ECG findings were the most common result in each of the 4 groups (44% to 48%), although ECG findings did not vary significantly Maximum % change in coronary artery diameter in response to acetylcholine compared with baseline coronary artery diameter
Values are median (quartile 1, quartile 3) unless otherwise indicated. Changes in coronary blood flow are compared with a baseline coronary blood flow of 0%; changes in coronary artery diameter are compared to a baseline coronary artery diameter of 0%.
CBFAchþ ¼ normal coronary blood flow response to acetylcholine; CBFAchÀ ¼ abnormal coronary blood flow response to acetylcholine; CFRAdnþ ¼ normal coronary flow velocity reserve in response to adenosine; CFRAdnÀ ¼ abnormal coronary flow velocity reserve in response to adenosine. Sara et al. Values are n (%) or mean AE SD. Table 1 . (15) 25 (17) 45 (20) Inconclusive 202 (49) 184 (46) 64 (43) 101 (45) Values are n (%).
HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low density lipoprotein cholesterol; MI ¼ myocardial infarction; other abbreviations as in
ECG ¼ electrocardiogram; other abbreviations as in Table 1 .
outcomes (24, 27) ; thus, they may serve as the underlying mechanism for the symptoms and derived hyperpolarizing factor, which is also believed to play a critical role in endothelial function (49) .
Last, the current study is based on patients who were referred for coronary angiography to a tertiary referral center by an independent cardiologist and so constitute a unique population. 
CONCLUSIONS

WHAT IS NEXT?
Further studies are required to develop novel diagnostic and therapeutic approaches to prevent cardiovascular events in these patients.
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